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Dynamic Analysis of Land Cover in Four-Lake Area
of Jianghan Plain Based on MODIS-EVI Time Series
Data

JIN Wei-bin'?" | XUE Lian*, XIONG Qin-xue®
1. College of Chemistry and Life Science, Huanggang Normal University, Huanggang 438000, China; 2. College of Agriculture, Yangtze Univer-
sity, Jingzhou 434025, China

Abstract According to the time series data of Enhanced Vegetation Index (EVI) in Four-Lake Area of Jianghan Plain during the period 2001 -
2007, we use Harmonic Analysis of Time Series (HANTS) to conduct cloud removing processing, and calculate the sum of square N of time series
value of each pixel. The pixels with N >0.25 are classified as vegetation coverage area; the pixels with N <0.25 are classified as non-vegetation
coverage area. As to vegetation coverage area, we use the second-order difference method to judge the frequency of peak value of EVI time series
data. Within one year, the vegetation coverage area with peak value happening 1 time is woodland and grassland; the vegetation coverage area
with peak value happening 2 times is arable land; the vegetation coverage area with peak value happening 3 times or more is vegetable land. Su-
pervised classification method is used to identify cities, towns, water area in non-vegetation coverage area and woodland, grassland in vegetation
coverage area. We draw the land cover classification diagram of Four-Lake Area in the period 2001 —2007. In comparison with the land cover classi-
fication based on multitemporal ETM data in 2001, the difference of area of arable land is within 10%. Using MODIS - EVI data, we can rapidly and
efficiently conduct land cover classification with low cost. The dynamic analysis results indicate that the area of arable land is in the process of decli-

ning, while the area of other cover types shows an increasing trend.
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Remote sensing information is the primary way to obtain
considerable land cover classification and changes. The spec-
tral performance, spatial resolution and data quality of MODIS
sensor in the Terra satellite launched in 1999 was greatly im-
proved. In the land monitoring and mapping on a global and re-
gional scale, it has drawn the users and remote sensing
researchers’ attention''. In recent years, the MODIS products
have also provided multitemporal Normalized Difference Vege-
tation Index (NDVI) and Enhanced Vegetation Index (EVI) af-
ter data preprocessing, offering more convenient data basis for
carrying out research on regional land cover classification and
changes. Using MODIS — NDVI time series data, Lu Tingting et
al.® extracted the information on the area of arable land in
Thailand. Using MODIS — EVI time spectrum to track inherent
phenological information, Zhang Xia et al. researched the land
cover classification in the North China Plain. Using MODIS -
EVI time series, Toshihiro et al. "’ analyzed the phenological
characteristics of rice in the Vietnamese Mekong Delta, and
produced five major rice growing pattern diagrams. Studies
show that EVI has the stronger ability to identify crops than
NDVI™®®,

Therefore, it is entirely possible to use the EVI index to ob-
tain high-precision macro land cover and information of land use
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classification, providing a convenient way for the extraction and
monitoring of useful agricultural information, such as cropping
pattern. However, in different places, in different years, due to
differences in cropping system, spectral characteristics of vari-
eties and meteorological conditions, the classification of critical
periods, classification indicators and even classification meth-
ods are different’®~**). Therefore, in terms of specific areas,
how to use EVI time series data to judge land cover type
(namely the classification strategy or decision tree rules) still
needs to be further researched.

Four-Lake Area of Jianghan Plain is an important agricul-
tural area of wetland in China. The studies on land cover and
its change in Four-Lake Area have drawn wide public atten-
tion'™~"". But previous studies are based on the TM data with
high spatial resolution, and it is difficult to complete dynamic
continuous monitoring. In this paper, based on the variability of
EVI time series data, according to the cropping system and
phenological characteristics, we set down the judgement rules
of land cover classification in Four-Lake Area, and extract the
land cover change information in this region during the period
2001 —2007, in order to provide a reference for the case accu-
mulation and classification rules when conducting land cover
classification using EVI time series data.

1 The study area and data source

Four-Lake Area is located in the hinterland of Jianghan
Plain in Hubei Province, named after four large lakes in the re-
gion ( Sanhu Lake, Bailuhu Lake, Changhu Lake, Honghu
Lake), and its geographical position is 111°57" — 114°5’ E,
29°26' —31°2’' N. The region is studded with myriad lakes; all
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levels of main stream and tributary are intertwined, with dense
water network. The main limiting factor for agricultural produc-
tion is the floods due to rain; in some years, the shortage of
agricultural water in Spring also becomes an obstacle to aqua-
culture and farming.

The area includes the northern area of the Yangtze River
in Jingzhou City, part of land in Jingmen and Qianjiang, with a
total area of 12 000 km®. The remote sensing data are from the
MODIS data and MODIS standard data product classification
system installed in the two satellites of TERRA and AQUA,
constituted by five levels of data. MOD13 is the second-level
data product on the land, and the content is rasterized normal-
ized difference vegetation index and enhanced vegetation index
(NDVI/EVI). In this study, we download the EVI time series
values of each grid in two areas (H27V5 and H27V6) during
the period 2001 —2007 in MODIS data from Internet (https, //
Ipdaac. usgs. gov/Ipdaac/get_ data/data_ pool), used for the
identification of land cover change.

Data preprocessing includes the use of related function of
ENVI software to realize image stitching, coordinate conver-
sion, cutting. The image of Four-Lake Area is in the two areas
of H27V5 and H27V6, and the satellite image downloaded is di-
vided into two parts, so two sets of data obtained are stitched
first; the image and information stitched contains all of regions
in Four-Lake Area. In order to keep consistency of analysis,
WGS84 geodetic datum and UTM49 projection are selected for
all remote sensing and GIS data. The MASK function in ENVI
software is used for cutting, to remove all redundant informa-
tion. Using STACKING function, all EVI data are integrated in a
file, forming a multitemporal database.

The Harmonic Analysis of Time Series (HANTS) is used
to conduct cloud removing processing on the time spectral da-
ta. The core algorithm is the fitting of Fourier transformation
and method of least square, namely breaking down the time
spectrum data into a finite number of harmonic waves ( sine or
cosine wave) , and then selecting several harmonic waves that
can reflect time series characteristics of image to be superim-
posed, to reach the purpose of reconstructing time series data.
The paper selects harmonic number as 3 to conduct curve
smoothing.

2 Land cover classification method

The EVI value is the comprehensive reflection of the vege-
tation cover on the surface. In the non-vegetation coverage ar-
ea, such as cities and towns, water body, EVI value is very
small, and shows the smallest yearly variation; in the vegeta-
tion coverage area, EVI value is very big, and shows large
yearly variation.

In order to increase the degree of difference, this study
calculates the sum of square of EVI time series value, denoted
by N, so that the difference in the total sum of the EVI value
between pixels is enlarged. Through the analysis of distribution
characteristics of N value of the junction point between land and
water, we find that N=0.25 is the center value of distribution of
the junction point between land and water. According to this,
when N <0.25, it can be judged as non-vegetation coverage
area; when N>0.25, it can be judged as vegetation coverage
area.

For the non-vegetation coverage area, we use the super-

vised classification method to identify cities and towns, water
body in advance, that is, determining the wave spectrum of cit-
ies and towns, water body, then completing the identification of
cities and towns, water body, using the supervised classifica-
tion function of ENVI software.

For the vegetation coverage area, we conduct re-classifi-
cation according to the peak value of EVI time series value.
The frequency of time series peak value is judged, using sec-
ond-order difference method””’. The steps are as follows:

Assuming that xi is the EVI time phase value of pixel dur-
ing the year, i=1,2,---,23, we define the following sequence:

s1(i){Xi+1_Xi;i=1’2a“'5 22} (1)
1 () >0

sh={1 S0 itz 2 (2)

s(0) =Is,(i+1) =5,(i); i=1,2, -, 21| (3)

It is not difficult for us to note that the sequence s, (i) has
only three possible results: 2, —2, 0. The crest of EVI ap-
pears in the position of the sequence s, (/) with element of -2,
front and rear elements of 0; the trough of EVI appears in the
position of the sequence s, (/) with element of 2, front and rear
elements of 0. Thus, we can judge the frequency of peak value
of time series data of each pixel (denoted by F), and make a
simple program to complete the judgment on the frequency of
EVI peak value of each pixel (F).

According to the phenological characteristics of vegetation
in the region, woodland and grassland complete a growth cycle
within a year; EVI time series data show single-peak feature;
the crops follow double cropping system, showing two-peak
feature; the pixel with more than three peaks is in line with the
characteristics of multiple cropping system of vegetables in the
local areas.

So, within one year, the vegetation coverage area with
peak value happening 1 time is woodland and grassland; the
vegetation coverage area with peak value happening 2 times is
arable land; the vegetation coverage area with peak value hap-
pening 3 times or more is vegetable land. Finally we conduct
identification of woodland and grassland, and the method is al-
so supervised classification, the same with that for the identifi-
cation of cities and towns, water body. The block diagram of
classification process of pixel is shown in Fig.1.

3 Land cover classification results

3.1 Analysis of errors in land classification results Tak-
ing the multitemporal ETM supervised classification results in
2001 as the control, the error of the classification results of
MODIS data is evaluated. Fig.2 is the supervised classification
results using the ETM data in 2001. The adopted data have
eight time phases in total; May 10, 2001; May 19, 2001 ; July
10, 2001 ; July 22, 2001 ; September 15, 2001 ; September 24,
2001; December 29, 2001 ; January 5, 2002. The location in-
cludes Area 39, Area 40 in Track 123.

Based on this, we calculate the error rate of classification
results using MODIS-EVI data, as is shown in Table 1. It can
be seen from Table 1 that the error rate of the scattered land
cover type with a small area is big (such as cities and towns,
woodland, water body) ; the error rate of the concentrated land
cover type with a big area is 10% or less, relatively accurate
('such as arable land).



46

Asian Agricultural Research

2012

N<0.25

EVI of all time phases in the year

Calculating sum of

v
Norrvegetation area

Supervised
classification

Fig.1

squares of all time
phases (N)

N>0.25

The number of
time series

Tief peaks (F)

h 4 i)
Woodland, grassland >3
. v
Multiple-cropping
vegetable land Double—crop

Supervised
classification

A 4

Woodland

Landscape terrain classification and discrimination diagram

N
A

I Tovn
I Road

. W
v

I River A ¥ S R it 3
[ |Fish pond =/ Tanli County't Honghu City/ r.
CLake i LT !

M oodland | P { w" A’H}“‘ ¥

B Beachhead )  f >

[ Dry land e

[0 Paddy field 0481624 3240 km

oy Town

h Tingmen Citya,_

= Janjiang Cit
Tingzhotl Dist. ;%ifj o

-— x‘-"‘ 3 .
Legend : - g

Tiangling County

Road = i . W

River b

Fish pond =

Lake b R
B Voodland L | 2
Bl Beachhead

Dry land
Bl Paddy field

-,

'

s

L

>

" Jianli County: Honghu City

0481624 3240 km

Fig.2 The supervised classification results using the ETM

data in Four-Lake Area in 2001

Fig.3 Land cover in 2001

Table 1 Comparison between ETM satellite supervised classification results and MODIS data classification results in 2001
MODIS data ETM data Error rate

Land type > - >

Area/km Corresponding type Area/km %
City and town 255.3 City and town 157.8 61.8
Water body 2 856.7 Rivers, farming areas, lakes 3560.6 19.8
Vegetable land 326.2 None - -
Grassland 99.4 Grassland 153.0 35.0
Woodland 71.8 Woodland 152.3 52.9
Farmland 8 490.4 Dry land and paddy field 7779.2 9.1

Note: Error rate = IMODIS —ETMI/ETM % 100%.

3.2 Dynamic analysis of land cover classification
land cover classification results in Four-Lake Area during the
period 2001 —2007 can be shown in Table 2 and Fig.3 —9. The
results show that during the period 2001 —2007, the land cover
in Four-Lake Area changed constantly. The arable land experi-

The

by 4.73 km?.

enced great change, whose area was reduced by 299. 02 km?®

during the period 2001 —2007; the area of water area, grass-
land, woodland increased by 219.57, 53.63, 42.20 km®, re-
spectively; the area of vegetable land decreased by 21. 10
km?; the area of land occupied by cities and towns increased
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Table 2 Land cover change in Four-Lake Area during the period 2001 —2007 Unit; km®
Land type 2001 2002 2003 2004 2005 2006 2007
Farmland 8490.48 8514.91 8445.06 8446.67 8346.71 8297.00 8 191.46
Water area 2856.68 2812.39 2913.80 2908.49 2930.12 3013.87 3076.25
City and town 255.27 244.70 220.16 232.40 260.43 268.26 260.00
Woodland 71.83 86.97 77.47 76.66 101.25 78.11 114.03
Grassland 99.37 109.95 128.90 110.64 124.82 142.75 153.00
Vegetable land 326.24 330.91 314.38 324.85 336.34 299.62 305.14
Total 120 99.87 12 099.83 12 099.77 12 099.71 12 099.67 12 099. 61 12 099. 88
4 Conclusions and discussions in Four-Lake Area, we set down the rules for the identification

According to the phenological characteristics of vegetation ~ ©Of ground object type in accordance with the EVI time series
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variability, and complete the dynamic classification of land cov-
er in Four-Lake Area during the period 2001 —2007. The study
shows that the area of arable land in Four-Lake Area is in the
process of constant shrinking, while the area of cities and
towns increases, indicating that this area is in the process of
urbanization. The area of water body, woodland and grassland
increases, indicating that the implementation of returning farm-
land to lakes, fishing and the development of forestry in recent
years has achieved certain results, and the landscape ecologi-
cal structure of the area takes a turn for the better. The resul-
ting changes in the ecological environment are yet to be further
studied.

The MODIS satellite revisit cycle is short, and the data ac-
quisition is simple, without paying. The provided vegetation in-
dex data is given on the basis of completing several rounds of
pretreatment. Based on the accuracy of land cover classifica-
tion of MODIS satellite data, for a large area of arable land
concentrated, it is acceptable!™, so it can be expected that
the application of MODIS satellite data products will be increas-
ingly frequent. The EVI data are updated quickly, so the results
of this study can be used for the fast tracking and monitoring of
land cover change in this area. Of course, the above classifica-
tion rules have to go through necessary on-site verification, and
the identification accuracy needs to be better evaluated and an-
alyzed, so as to lay a solid foundation for giving full play to the
role of remote sensing data resources.

References

[1] GUO J, ZHANG JX, ZHANG YH, et al. Study of the comparison of
land cover classification for multitemporal MODIS images [ J]. Acta
Geodaetica et Cartographica Sinica, 2009, 38(1): 88 —92. (in Chi-
nese).

[2] LV TT, LIU C. Extraction of information of cultivated land using time —
series MODIS data in Thailand[ J]. Transactions of the Chinese Socie-
ty of Agricultural Engineering, 2010, 26(2) ; 244 —250. (in Chinese).

[3] ZHANG X, SUN R, ZHANG B, et al. Land cover classification of North
China Plain using MODIS_EVI temporal profile[ J]. Transactions of the
Chinese Society of Agricultural Engineering, 2006, 22(12) . 128 —132.
(in Chinese).

[4] ZHANG X, JIAO QJ, ZHANG B, et al. Preliminary study on cropping
pattern mapping using MODIS_EVI image time series[ J]. Transactions
of the Chinese Society of Agricultural Engineering, 2008, 24(5) . 161 —
165. (in Chinese).

[5] TOSHIHIRO S, NHAN V N, HIROYUKI O, et al. Spatiotemporal distri-
bution of rice phenology and cropping systems in the Mekong Delta with

0@00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00

(From page 36)
element of development of valley economy; sum up the
mechanism and path of development of valley economy.

References

[1] ZHONG XH, YU DF, ZHEN L. Qutline of montology and mountain re-
search in China[ M]. Chengdu. Scientific and Technological Press in
Sichuan, 2000 37 —44.

[2] ELLIS —JONES J. Poverty, land care, and sustainable livelihoods in
hillside and mountain regions[J]. Mountain Research and Develop-
ment, 1999, 19(3) ;179 —190.

[3] PRICE MF, JANSKY L, IATSENIA AA. Key issues for mountain areas
[M]. New York: United Nations Pubns, 2004.

[4] YANG ZS, LIU YS, HE YM, et al. The principles and methods of eco-

special reference to the seasonal water flow of the Mekong and Bassac
rivers[ J]. Remote Sensing of Environment, 2006, 100; 1 —16.

[6] WANG ZX, LIU C, CHEN WB, et al. Preliminary comparison of MO-
DIS —NDVI and MODIS - EVI in eastern Asia[ J]. Geomatics and In-
formation Science of Wuhan University, 2006, 31(5): 407 —410. (in
Chinese).

[7] YANG J, GUO N, JIA JH. Comparison between MODIS/NDVI and
MODIS/EVI in Northwest China[J]. Arid Meteorology, 2007, 25(1) .
38 —43. (in Chinese).

[8] ZUO LJ, ZHANG ZX, DONG TT, et al. Application and comparative a-
nalysis of MODIS/ NDVI and MODIS /EVI in farmland information ex-
traction[ J]. Transactions of the Chinese Society of Agricultural Engi-
neering, 2008, 24(3) . 167 —-172. (in Chinese).

[9] JIANG D, WANG NB, YANG XH, et al. Principles of the interaction
between NDVI profile and the growing situation of crops[J]. Acta Eco-
logica Sinica, 2002, 22(2) . 247 -252. (in Chinese).

[10] WANG CY, LIN WP. Winter wheat yield estimation based on MODIS
EVI[J]. Transactions of the Chinese Society of Agricultural Engineer-
ing, 2005, 21(10) : 90 —-94. (in Chinese).

[11] JKAUBAUSKAS ME, LAGATES DR, KASTENS JH. Corp identifica-
tion using harmonic analysis of time series AVHRRNDVI data[J].
Computer and Electronics in Agriculture, 2002(37) : 127 —139.

[12] XU WB, TIAN YC. Overview of extraction of crop area from remote
sensing[ J]. Journal of Yunnan Agricultural University, 2005, 20(1) .
4 -98. (in Chinese).

[13] SKAMAOTO T, YOKAZOWA M, TORITNAI H, et al. A crop phenolo-
gy detecting method using time series MODIS data[ J]. Remote Sens-
ing of Environment, 2005(96) . 366 —374.

[14] WANG XL, WU YJ. Study on wetland agricultural landscape of Sihu
region in Jianghan Plain[ J]. Journal of Huazhong Agricultural Univer-
sity, 2000, 20(2) ; 188 —191. (in Chinese).

[15] CHEN KJ, WANG XL. Space pattern of wetland landscape of four-
lake area in jianghan plain based on the impact of human activities
[J]. Resources and Environment in the Yangtze River, 2002, 11(3) .
219 -223. (in Chinese).

[16] JIN WB, HU BM. Analysis of landscape pattern for middle scale wa-
tershed—A case study of Sihu watershed in Hubei, China[J]. Re-
sources and Environment in the Yangtze Basin, 2003, 12(3): 275 -
279. (in Chinese).

[17] ZHU XL, LI Q, SHEN MG, et al. A methodology for multiple cropping
index extraction based on NDVI time —series[J]. Journal of Natural
Resources, 2008, 23(3) : 534 —544. (in Chinese).

[18] WARDLOW BD, EGBERT SL, KASTENS JH. Analysis of time —se-
ries MODIS 250m vegetation index data for crop classification in the
U.S. central great plains[J]. Remote Sensing of Environment, 2007,
108: 290 —-310.

[19] CHEN JB, LI YP. Dynamic change of ecological footprint in Xingtai

City in the years 2003 —2009 J ]. Asian Agricultural Research,2011,3
(2) .65 -68,72.

0O®00400S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00SC

friendliness evaluation of land use in mountainous areas at county level
and its case study[J]. Journal of Natural Resources, 2008, 23(4) .
600 —611.

[5] CHEN GJ. China mountainous area development report[ M]. Beijing:
The Commercial Press, 2004.

[6] ZHANG YF, JIA DM, TAN J, et al. The spatial structure of valley
economy development in the mountainous areas of Beijing[ J]. Journal
of Geographical Sciences, 2009, 64(10). 1231 —1242.

[7] ZHANG YF, JIA DM, ZHANG HHY, et al. Spatial structure of valley
economic development in the mountainous areas in Beijing[ J]. Journal
of Geographical Sciences, 2011, 21(2) . 331 —345.

[8] ZHONG XH. Strengthen research on mountain sciences as the core of
man-mountain areal system[J]. Joumnal of Geographical Sciences,
2011, 29(1). 1 -5.



